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© Failure tolerant memory device, in particular of the flash EEPROM type 



© Since fault phenomena such as lowering of the 
cell gain and cell emptying occur during normal 
operation the present invention proposes that in the 
memory device the row and/or column address de- 
coding means (RDEC.CDEC) comprise at least one 
non-volatile memory (NVM) for address mapping 
and that the reading and writing control logic (CL) 
comprise means (TST) designed to identify cell 
faults in the rows and/or columns of the matrix 
(MAT) of the memory device and writing means 
(WM) designed to write on said non-volatile memory 
(NVM) during normal operation addresses corre- 
sponding to redundant rows and/or columns (RID) 
present in the matrix (MAT) to rectify said faults. 
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The present invention relates to a memory 
device and in particular a flash EPROM in accor- 
dance with the preamble of claim 8 and a method 
for discriminating a gain-based insulated-gate sin- 
gle memorisation-transistor memory cell and to a 
method of deleting a memory cell of the same 
type. The memory device in accordance with the 
present invention can find advantageous application 
also in integrated circuits such as microprocessors 
and microcontrollers. 

In the area of non-volatile semiconductor 
memories, presently comprising the UV_EPROM, 

E EPROM and flash EPROM, the memory device 

consists of a matrix of equal cells which comprise 
for the memorisation of the data a single MOS 
transistor having at least one insulated gate. The 
value 0 or 1 of the data memorised depends on the 
amount of charges present on the insulated gate 
which in turn determines the threshold voltage of 
the MOS transistor. 

As known, with the matrix must be connected 
row and/or column address decoding means and a 
control logic for reading, writing and deletion of the 
matrix cells. 

There are often provided in the matrix one or 
more redundant rows and/or one or more redun- 
dant columns. These are used during manufactur- 
ing testing to obviate manufacturing defects by 
replacing the rows or columns containing faults 
with redundant rows or columns. 

FIG. 1 shows a flash EPROM cell matrix with 2 
rows and 3 columns. 

Various well known mechanisms are used for 
the programming and deletion operation which can 
take place either globally, i.e. they affect the entire 
matrix, or selectively. The reading operation con- 
sists of applying to the selected cell a polarization 
voltage (for writing) and detecting the correspond- 
ing current (for writing) and in comparing it with 
appropriate reference currents. 

In particular in flash EPROM memories, read- 
ing and programming are selective while deletion is 
done electrically and globally. 

Almost always, the programming and deletion 
operations take place by means of a series of 
identical successive phases. For programming, in- 
jection of 'hot electrons' and, for deletion, extrac- 
tion of charges by the Fowler-Nordheim effect. 
After each individual programming or deletion 
phase there is a phase of verification of the charge 
present on the insulated gate of each cell. In this 
manner the charge status and consequently the 
threshold voltage of the individual cells can be 
controlled with great precision. 

FIG. 2 shows in a simplified manner the gate 
voltage versus channel current characteristics of 
cells having different charge status. In particular, 
AO indicates the characteristic of a cell at instant tO 



having a threshold voltage VT(tO) and gain G1 
while A1 indicates the characteristic of the same 
cell at instant t1, following to, after a deletion phase 
and thus having the same gain G1 but threshold 
5 voltage VT(t1) lower than VT(tO). 

The verification phase consists of a particular 
reading operation performed with particular refer- 
ence currents more restrictive than those used for 
the normal reading operation. 
io In flash EPROM devices it is extremely impor- 

tant that all the cells 'experience the same history', 
i.e. they must be programmed and deleted the 
same number of times. For this reason, before the 
actual deletion there is a programming operation of 
15 all the cells denominated 'preconditioning'. 

After the 'preconditioning* operation, all the 
cells have a threshold voltage higher than a pre-set 
value VTO. The characteristic indicated by A2 in 
FIG. 2 having a reference gain G represents the 
20 limit of the programming condition while after the 
subsequent deletion operation all the cells have a 
threshold voltage lower than a pre-set value VT1. 
The characteristic indicated by A3 in FIG. 2 having 
the same reference gain G represents the limit of 
25 the deletion condition. The values VtO and VT1 
depend on the manufacturing process and design 
choices. A possible choice could be 5V for VTO 
and 2V for VT1 respectively. 

Ideally all the memory cells are deleted with 
30 the same speed and hence, after the deletion op- 
eration the threshold voltage values of the various 
cells are found all in a small area slightly below the 
value VT1 . 

During laboratory experiments and manufactur- 
35 ing tests some phenomena were found which de- 
grade the performance and life of flash EPROM 
devices. 

There are cells which are deleted more rapidly 
than others. This phenomenon leads to the fact that 

40 when the deletion operation is completed their 
threshold voltage can be lowered much below VT1 , 
as with the characteristic A5 and some times to a 
level, in general less than OV as in the case of the 
characteristic A6, such as to become an irrevers- 

45 ible lowering - 'emptied cell' or 'depleted bit*. This 
can generate errors during writing operations be- 
cause said cells conduct current even when they 
are not selected. 

There are cells which are deleted more slowly 

50 than others because their transconductance, and 
hence their gain and reading current, is lower than 
average. The characteristic indicated by A4 in FIG. 
2 belongs to a cell of this type having gain G2. 
This phenomenon is found in manufacturing testing 

55 and during the life of the device and leads to the 
fact that when the deletion operation is terminated 
the cells having normal transconductance, i.e. near- 
ly all, have reached extremely low threshold vol- 
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tages often less than OV. This leads to the shor- 
tcomings mentioned above and can also lead to 
degradation of a large part of the cell matrix. In 
addition it is also possible that the deletion opera- 
tion will not end in the maximum time limits pro- 
vided. 

Heretofore it was sought to identify these situ- 
ations and rectify them during manufacturing test- 
ing. The purpose of the present invention is to 
provide a method capable of identifying these situ- 
ations during normal operation of the device and 
rectify them, in the light of the found and unex- 
pected fact that they can arise even during the life 
of the device, and provide a memory device which 
would be tolerant of 'fault' situations like these and 
in particular gain lowering. 

This purpose is achieved by a method for 
discrimination of a memory cell having the char- 
acteristics set forth in claim 1, by the method for 
deleting memory cells having the characteristics 
set forth in claim 3, and by a memory device 
having the characteristics set forth in claim 8. Addi- 
tional advantageous aspects of the present inven- 
tion are set forth in the dependent claims. In accor- 
dance with another aspect the present invention 
also concerns an integrated circuit having the char- 
acteristics set forth in claim 1 1 . 

Since fault phenomena such as those dis- 
cussed occur during normal operation the present 
invention proposes that in the memory device the 
decoding means comprise at least one non-volatile 
memory for address mapping and that the control 
logic comprise means for identifying cell faults in 
the rows and/or columns of the matrix and writing 
means designed for writing on said non-volatile 
memory during normal operation addresses cor- 
responding to the redundant rows and/or columns 
to rectify said faults. 

In addition it is possible to not degrade the cell 
matrix even in the presence of lowered gain cells 
by foreseeing that these will be identified and that 
during the deletion operation the deletion status will 
occur only for the non-lowered gain cells. 

The present invention is clarified by the follow- 
ing description together with the annexed drawings 
wherein: 

FIG. 1 shows a memory cell matrix, 
FIG. 2 shows in a simplified manner in a Carte- 
sian voltage-current diagram the characteristics 
of some memory cells having different threshold 
voltages, 

FIG. 3 shows in a simplified manner in a Carte- 
sian voltage-current diagram the characteristics 
of some memory cells having different gains, 
FIG. 4 shows a flow chart of a discrimination 
method in accordance with the present inven- 
tion, 
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FIG. 5 shows a flow diagram of a deletion meth- 
od in accordance with the present invention, and 
FIG. 6 shows a block diagram of a memory 
device in accordance with the present invention. 
5 FIG. 3 shows a series of characteristics of cells 

all having different gains and a common point P1 
identified by the co-ordinates V1.I1, i.e. by applying 
the reading voltage V1 to all these cells there is 
obtained therefrom the same reading current 11 and 
io the characteristics are indicated in decreasing or- 
der of gain and threshold voltage by BO (with gain 
GO and threshold voltage VT(BO)), B1 (with gain G1 
and threshold voltage VT(B1)), B2 (with gain G2 
and threshold voltage VT(B2)) respectively. The 
is voltages VtO and VT1 keep the same meaning 
explained above. 

The method in accordance with the present 
invention for discriminating on the basis of the gain 
a memory cell of the type with single insulated- 
20 gate memorisation transistor comprisEs the follow- 
ing phases: 

a. carry the insulated gate of the cell in a charge 
state such that by applying a first reading volt- 
age V1 to the cell by means of successive 

25 programming and/or deletion and verification 
phases there is detected a first reading current 
about equal to a first value 11 (as shown in FIG. 
3), 

b. apply a second reading voltage V2, 

30 c. detect a second reading current l(B) opposite 
the second reading voltage V2, 

d. compare the value of the second reading 
current l(B) with a second value 12 which to- 
gether with the second reading voltage V2 iden- 

35 tifies a point P2, and 

e. associate the cell alternatively with a first or a 
second class of cells based on the outcome of 
said comparison. 

Specifically for the purposes of the present 
40 invention it proved advantageous to have the sec- 
ond reading voltage V2, e.g. 6.25V, higher than the 
first reading voltage V1 , e.g. 4.5V, the second value 
12 higher than the first value 11, and the cell asso- 
ciated with a first class of high-gain cells if from 
45 said comparison it proved that said second reading 
current l(B) was higher than said second value 12 
and otherwise with a second low-gain cell class. 

The discrimination method can be rapidly un- 
derstood by considering the description made to- 
50 gether with the flow chart shown in FIG. 4, having 
the following block-actions correspondence: 

100 method start 

110 cell conditioning - phase a. of the method 

101 apply V1 

55 102 detect l(V1) 

103 test on l(V1) in relation to 11 

104 deletion phase 

105 programming phase 
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1 20 apply V2 - phase b. of the method 

130 detect l(V2) - phase c. of the method 

140 test on l(V2) in relation to 12 - phase d. of the 

method 

150 high-gain association - end of method phase e. 
160 low-gain association - end of method phase e. 

The one shown in FIG. 3 could be the situation 
which appears in three cells of an EPROM flash 
memory device after phase a. of the method in 
accordance with the present invention. By applying 
to the three cells the second reading voltage V2 
there will be detected the currents l(B0), l(B1), I- 
(B2) respectively of which the first two are higher 
than the second value 12 while the last, i.e. I(B2), is 
not. For the purposes of the present method there- 
fore the first three cells will be considered high- 
gain and the last low-gain. Graphically it can be 
seen that the characteristics slope reflects this situ- 
ation. 

It is specified lastly that the real form of the 
cell characteristics is not the rectilinear type but 
their qualitative behaviour, for the purposes of the 
graph and method, is the same. 

It remains to be discussed how to perform 
practically in a physical memory device phase d. of 
the method, i.e. the current comparison. This can 
be done, e.g. by using a reference memory cell 
having the BRIF characteristic having a reference 
gain GRIF and brought to a threshold voltage VT- 
(BRIF) such that by applying thereto the second 
reading voltage V2 the reading current 12 is de- 
tected, and sending to a sense amplifier the cur- 
rents of the reference cell and of the cell to be 
discriminated. Current comparisons by means of 
sense amplifiers and reference cells are used nor- 
mally in reading operations and in programming 
and deletion verification phases using appropriate 
reference cells. Thus to discriminate the cells on 
the basis of gain basically no further circuitry in the 
memory device is necessary. 

Since the low cell gain problem becomes, as 
explained above, particularly dangerous for the 
memory device when one prepares to delete it, the 
ideal moment for performance of a discrimination 
phase is concomitantly with the deletion operation. 

As explained above, a conventional deletion 
operation of the cells of a memory device of the 
insulated-gate single-transistor memorisation type, 
in particular the EPROM flash type, consists of at 
least one series of successive individual deletion 
and verification phases of the cell deletion status. 

The deletion method in accordance with the 
present invention comprises also at least one in- 
dividual cell discrimination phase on the basis of 
the gain suitable for identifying the high-gain cells 
and provides that, after said discrimination phase, 
the individual verification phases affect only the 
high-gain cells. 



In this manner it is avoided that many cells be 
'depleted*. 

The deletion method can be rapidly understood 
by considering the description given together with 

5 the flow chart shown in FIG. 5 and having the 
following block-actions correspondence and in 
which V3 and 13 indicate the voltage and current 
respectively on the basis of which the cell deletion 
condition is to be verified: 

io BlockAction 

200 method start 

210 gain test of cell G compared with Gmin 
220 apply V3 
230 detect l(V3) 
is 240 test on l(V3) compared with 13 
250 deletion phase 
260 method end 

In the example of FIG. 5 the discrimination phase - 
block 210 - precedes the actual cell deletion. 
20 The discrimination phase can be provided by 

any method. 

It is particularly advantageous to use the dis- 
crimination method in accordance with the present 
invention immediately after the 'preconditioning' 
25 and before the actual deletion because in this case, 
if a value of V1 lower than the value of VT0 is 
chosen, the discrimination phase already carries a 
partial but not dangerous deletion of the cells which 
thus shortens the actual deletion. As a whole then 
30 the deletion performed with the method of the 
present invention is not basically longer than that of 
the known art but considerably safer. 

All these operations can affect the entire mem- 
ory device or blocks thereof. 
35 The cells which are not high-gain are consid- 

ered faulty and possibly signalled as such to the 
user of the device. In a very simple case the user 
will avoid using them. 

A more sophisticated version of the method 
40 provides that at least the faulty cells are replaced 
with redundant cells. More often it happens that the 
entire column or row to which they belong is re- 
placed. 

In this last case, for reasons of uniformity of 
45 use of all the cells of the matrix, it is well that all 
the redundant cells experience on average the 
same life as the non-redundant cells before their 
replacement. To achieve this it is necessary that 
the preconditioning and subsequent deletion affect 
so always also the redundant cells. 

It has been seen that various 'fault* phenomena 
affect the memory devices during their life and 
among these lowering of the cell gain. 

There is not explained with the aid of FIG. 6 
55 the memory device in accordance with the present 
invention which is fault tolerant. It comprises: 

a.) matrix MAT of memory cells having a plural- 
ity of rows and columns of which at least one 

4 
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row and/or column RID is redundant, 

b. ) decoding means RDEC.CDEC for row and/or 
column addresses, and 

c. ) control logic CL for writing, reading and dele- 
tion of the cells and control of the device com- 
ponents. 

The decoding means RDEC, CDEC comprise 
at least one non-volatile memory NVM for address 
mapping and the control logic CL comprises 
means TST designed to identify cell faults in the 
rows and/or columns and writing means WM de- 
signed to write on the non-volatile memory NVM, 
during normal operation of the device, addresses 
corresponding to said at least one redundant row 
and/or column RID to rectify said faults. 

In the example of FIG. 6 there is a matrix MAT 
made up of 8 rows and 8 columns, only one 
redundant column RID, a 3-bit row decoder RDEC, 
a 3-bit column decoder CDEC, and a non-volatile 
memory NVM formed from 8 3-bit words, used 
only for mapping column addresses and included 
in the 3-bit column decoder CDEC. 

From the control logic CL comes out the col- 
umn address to be sent to the 3-bit column de- 
coder CDEC, the row address to be sent to the 3- 
bit row decoder RDEC, and at least one signal DEL 
for the deletion to be sent to the matrix MAT. 
Furthermore it is connected to the input of the 3-bit 
row decoder RDEC and the input of the 3-bit 
column decoder CDEC. The means TST pilot the 
writing means WM which are connected in writing 
to the non-volatile memory NVM. 

Initially the non-volatile memory NVM contains 
in order the following eight words: 000, 001, 010, 
011, 100, 101, 110, 111. 

When the means TST identify a 'fault* among 
those foreseen in a particular cell, they send to the 
writing means WM the column address corre- 
sponding to said faulty cell, e.g. 011. The writing 
means WM use this address to address the non- 
volatile memory NVM and use as writing data the 
column address corresponding to the redundancy 
column, in the example 111, and perform a writing 
operation on the non-volatile memory NVM. 

At the end the non-volatile memory NVM con- 
tains in order the following eight words: 000, 001 , 
010, 111, 100, 101, 110, 111. 

In the example there is no possibility of rectify- 
ing additional 'faults'. 

The design and realization of such a control 
logic CL falls within the normal activities and abili- 
ties of those skilled in the art. 

It is clear that control of the entire device is 
entrusted to the control logic CL which can be the 
wired or programmed type. For deletion, this can 
be pre-set to operate in accordance with the meth- 
od of the present invention. 



The means TST can be in particular individual 
discrimination means for the cells of the matrix 
MAT which can consist of logics of the wired or 
programmed type and operate, e.g. in accordance 
5 with the method of the present invention. 

A fault tolerant memory device in accordance 
with the present invention can find an advanta- 
geous application in any integrated circuit where it 
is necessary to store data and/or programs. 

10 

Claims 

1. Method of discriminating a memory cell of the 
single-transistor insulated gate memorization 

75 type and in particular of the EPROM type 

based on gain and comprising the following 
phases: 

a) carry the insulated gate of the ceil in a 
charge state such that by applying a first 
20 reading voltage (V1) to the cell by means of 

successive programming and/or deletion 
and verification phases there is detected a 
first reading current about equal to a first 
value (11), 

25 b) apply a second reading voltage (V2), 

c) detect a second current (1(B)) opposite 
the second reading voltage (V2), 

d) compare the value of the second' reading 
current (1(B)) with a second value (12), and 

30 e) associate the cell alternatively with a first 

or a second class of cells based on the 
outcome of said comparison. 

2. Method in accordance with claim 1 in which 
35 said second reading voltage (V2) is higher than 

said first reading voltage (V1) and in which 
said second value (12) is higher than said first 
value (11) and in which said cell is associated 
with a first class of high-gain cells if from said 
ao comparison it proves that said second reading 

current (1(B)) is higher than said second value 
(12) and otherwise is associated with a second 
class of low-gain cells. 

45 3. Method of deleting cells of a memory device 
of the single-transistor insulated gate 
memorisation type and in particular the EP- 
ROM flash type by means of at least one 
series of successive deletion and individual 

so verification phases of the cell deletion state 

and characterised in that it comprises at least 
one individual discrimination phase of said 
cells on the basis of the gain designed to 
identify the high-gain cells and in that, after 

55 said discrimination phase, said individual ver- 

ification phases affect only the high-gain cells. 



5 



- 1 -ir-?i- 



9 



EP 0 686 979 A1 



70 



4. Method in accordance with claim 3 in which 
said discrimination phase takes place in accor- 
dance with the method set forth in claims 1 or 
2 before said series of successive deletion and 
verification phases. 

5. Method in accordance with claim 3 or 4 in 
which the cells not high-gain are considered 
faulty. 

6. Method in accordance with claim 5 in which at 
least said faulty cells are replaced by redun- 
dant cells. 

7. Method in accordance with claim 6 in which 15 
said redundant cells experience on average 

the same life as the non-redundant cells before 
said replacement. 

8. Memory device, in particular flash EPROM, of 20 
the type comprising: 

a.) matrix (MAT) of memory cells having a 
plurality of rows and columns of which at 
least one row and/or column (RID) is redun- 
dant, 25 
b) decoding means RDECCDEC for row 
and/or column addresses, and 
c.) control logic (CL) for writing, reading and 
deletion of the cells and control of the de- 
vice components, 30 
characterized in that said decoding means 
(RDEC.CDEC) comprise at least one non-vola- 
tile memory (NVM) for mapping said address- 
es and that said control logic (CL) comprises 
means (TST) designed to identify cell faults in 35 
said rows and/or columns and writing means 
(WM) designed to write on said non-volatile 
memory (NVM) during normal operation of said 
device addresses corresponding to said at 
least one redundant row and/or column (RID) 40 
to rectify said faults. 

9. Device in accordance with claim 8 in which 
said control logic (CL) comprises additionally 
discrimination means (TST) for said ceils on 45 
the basis of gain and designed to pilot said 
writing means (WM), 

10. Device in accordance with claim 9 in which 
said control logic (CL) operates for deletion in 50 
accordance with the method set forth in one of 

the claims from 3 to 7. 

11- Integrated circuit comprising a memory device 

for storing data and/or programs characterised 55 
in that said memory device is the type set 
forth in claims 8 to 10. 
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